Data collected by social media platforms have recently been introduced as a new source for indicators to help measure the impact of scholarly research in ways that are complementary to traditional citation-based indicators. Data generated from social media activities related to scholarly content can be used to reflect broad types of impact. This paper aims to provide systematic evidence regarding how often Twitter is used to diffuse journal articles in the biomedical and life sciences. The analysis is based on a set of 1.4 million documents covered by both PubMed and Web of Science (WoS) and published between 2010 and 2012. The number of tweets containing links to these documents was analyzed to evaluate the degree to which certain journals, disciplines, and specialties were represented on Twitter. It is shown that, with less than 10% of PubMed articles mentioned on Twitter, its uptake is low in general. The relationship between tweets and WoS citations was examined for each document at the level of journals and specialties. The results show that tweeting behavior varies between journals and specialties and correlations between tweets and citations are low, implying that impact metrics based on tweets are different from those based on citations. A framework utilizing the coverage of articles and the correlation between Twitter mentions and citations is proposed to facilitate the evaluation of novel social-media based metrics and to shed light on the question in how far the number of tweets is a valid metric to measure research impact.
Introduction
Data from social media platforms have recently been exploited to measure early impact or types of research impact for scholarly publications in ways that complement traditional citation-based indicators. So-called "altmetrics" (Priem, 2010; Priem, Costello, & Dzuba, 2011) reflect, primarily, activity in social media environments with the purpose of gathering previously invisible traces of scholarly impact. Activities on platforms such as Mendeley, CiteULike, ResearchGate, Academia.edu, LinkedIn, Facebook, and Twitter can be tracked to rapidly monitor the manner in which scholarly documents are disseminated and discussed (Li, Thelwall, & Guistini, 2012; Piwowar, 2013; Priem & Costello, 2010) . Studies of the role of social media in scholarly communication have investigated their use in diffusion (Darling, Shiffman, Côté, & Drew, 2013) , conference chatter (Weller, Dröge, & Puschmann, 2011) , crowdsourcing (Ogden, 2013) , science popularization , and promotion of scholarly products (Cronin, 2013; Nature Chemistry, 2013) . New tools to facilitate the use of altmetrics have been introduced (e.g., Kaur, Hoang, Sun et al., 2012) , research councils are encouraging the use of altmetrics for evaluative purposes (e.g., Viney, 2013) , and scholars are arguing for inclusion of altmetrics on curricula vita (Piwowar & Priem, 2013) . However, large-scale studies of altmetrics are rare, and systematic evidence about the reliability, validity, and context of these metrics is lacking (Wouters & Costas, 2012; Liu & Aidle, 2013) . Furthermore, we lack evidence about the actors and stakeholders in both the creation and consumption of these metrics.
To further this conversation, we examine the extent to which biomedical papers are represented on Twitter and the relationships between tweets and citations for these papers. We select Twitter as one of the most popular social media websites, claiming over 200 million active users in March of 2013 (Wickre, 2013) . While scientometric analyses have typically focused on measuring scholarly communication in a closed community of researchers who read, cite, and publish, altmetrics claim to capture impact measures from a broader audience. Studies are needed to systematically examine the integration of social media sources into scholarly communication, how far researchers (or other stakeholders such as science journalists, public outreach officers, journal publishers) use them to communicate research results and which audiences they target (e.g., the scientific community or an interested public). Given that tools such as Altmetric.com and ImpactStory.org i provide easy access to altmetrics, a systematic study of the meaning and validity of altmetrics as indicators of scholarly and/or public impact is both timely and appropriate. This paper contributes to the assessment of altmetrics by evaluating the use and discussion of biomedical publications on Twitter from a quantitative point of view.
Only a handful of studies have examined Twitter use among scholars (Priem & Costello, 2010; Weller, Dröge, & Puschmann, 2011) , but most of these have concluded that Twitter is not considered a particularly important tool for scholarly dissemination. Although Thelwall, Haustein, Larivière, & Sugimoto (2013) found that Twitter data were more extensive than that from other social media sources, social media usage does not contribute to a scholar's reputation (Cruz & Jamias, 2013) . Less than 10% of researchers take advantage of microblogging (Rowlands, Nicholas, Russell, Canty, & Watkinson, 2011) , and a mere 2.5% of scientists are active on Twitter (Priem et al., 2011) .
ii This latter figure contrasts sharply with the 2011 estimate by eMarketer (2011) that 8.7% of the adult US population was active on Twitter. This difference might be due to the divergence of various user groups on Twitter-for example, it is common to use Twitter for complaining about newly bought products (Jansen, Zhang, Sobel, & Chowdury, 2009 ). In addition, the different age distribution of scholars and the general population may be a factor. However, when scholars tweet, nearly 50% of their tweets are related to scholarly communication (Holmberg & Thelwall, 2013; Chretien et al., 2011) .
When tweeting, users apply several communicative devices including hashtags, directed @messages, and retweets (boyd, Golder, & Lotan, 2010) . Weller and Peters (2012) suggested that retweets should be considered to be "internal citations," whereas "external citations" appear when Twitter users link to outside information (such as links to particular websites or documents). Various other terms have been proposed to describe scholars' use of Twitter in referencing scholarly publications, including "tweetations" (Eysenbach, 2011) and "citation tweets" (Priem & Costello, 2010) . Twitter can be a powerful tool for sharing pointers (i.e. links) to information (boyd et al., 2010; Suh, Hong, Pirolli, & Chi, 2010) . Interestingly, tweets are more likely to be retweeted when they contain links. This aspect has already been recognized by scholars and is now used for popularizing tweets with scientific content: Nearly a third of scientists' tweets contain URLs (Peters, Beutelspacher, Maghferat, & Terliesner, 2012) , compared to only 22% for the general population of tweets (boyd et al., 2010) . According to Priem and Costello (2010) , 6% of 2,322 tweets with URLs published by scientists forwarded users to scholarly publications, either directly or via different channels such as websites, while in Holmberg and sample of scientists' tweets it was 2.2%. The highest proportion of tweets containing URLs (55%) was found by , whose study population consisted of approximately 600 academic users. The proportion of scientists' tweets containing links can vary between disciplines (62% to 75%; Holmberg & Thelwall, 2013) . The most common link destinations are blogs, advanced Twitter services (e.g., Twitpic iii ), or other media outlets, such as newspapers or video sharing platforms (Holmberg & Thelwall, 2013; Peters et al., 2012; . The degree to which traditional scholarly practices are reflected in Twitter use (e.g., citing scientific papers in tweets or referencing via links) is key to understanding the involvement that scholars have with Twitter as a dissemination tool. A large-scale study that systematically evaluates the degree to which scholarly articles are distributed on Twitter is lacking.
The aim of this study is to analyze the extent to which biomedical publications are mentioned on Twitter by evaluating the share of tweeted documents and the average number of tweets per article by discipline, specialty, and journal. Twitter provides an opportunity to evaluate a rapid dissemination vehicle differentiating it from citations, which take much longer to accumulate. We selected biomedicine as the domain for two reasons. The first is the early adoption of social media tools generally, and Twitter, in particular, into the work of practicing physicians (Berger, 2009; Cohen, 2009; Parker-Pope, 2009 ). This adoption has resulted in modifications to the American Medical Association's code of ethics to include policies on social media use. As argued by Chretien, Azar, and Kind (2011, p. 566) , "the existence of social media is transforming way physicians communicate with the public"; however, it is not clear whether this transformation applies to biomedical researchers as well as practitioners. A demonstrated incentive for this exists, as some studies have shown that papers with complementary knowledge diffusion obtain higher citations rates (Gargouri, et al., 2010; Henneken & Accomazzi, 2011; Lippi & Favaloro, 2012; Mounce, 2013) .
The results of our research can be used as a starting point for additional analyses in order to determine how, why, by whom, and to whom scholarly documents are tweeted. The present study analyzes those tweets that mention at least one of the 1.4 million scholarly documents indexed in PubMed. The following research questions, divided into three areas, are investigated: Analysis. The first set of analyses focused on the degree to which articles found in both PubMed and WoS were tweeted, examining the degree to which articles were cited including variations over time. For this analysis, all 1.4 million documents were used. Twitter citation rates, that is, the mean number of tweets per article, were calculated and the distribution of tweets over articles is presented. The 15 most frequently tweeted articles are listed.
The second set of analyses focused on the 5,251 journals which were represented in the set of 1.4 million documents. Of these, 4,215 were tweeted at least once (80%). However, the PubMed coverage was extremely low for some of the journals, as only some of their papers were relevant to the biomedical field, (e.g., Cartographic Journal, Language & Communication, Italian Studies, Scottish Journal of Political Economy) . Therefore, the sample for the journal analysis was limited to those journals which had 1) at least 30 papers indexed in PubMed and: 2) either a) 100 articles or reviews indexed The last set of analyses evaluated Twitter use on the level of disciplines and specialties. The 1.4 million documents were classified using the NSF journal classification system. Results are shown for only those specialties where PubMed coverage exceeded 50% in order to guarantee representativeness of the particular specialty. Similar to the journal level analysis, Twitter citation rates and Twitter coverage were calculated on the level of disciplines and specialties. Additionally, the relationship between tweets and citations was examined. The most common means of identifying the relationship between two metrics is to determine the statistical correlation between them. This has been a common approach in scientometrics, in validating new metrics, by examining the degree to which they relate with previously accepted metrics. However, as suggested by Thelwall and colleagues (2013) , correlation coefficients might not be suitable for comparing altmetric and citation indicators for documents published in different time periods, as the analysis can be biased by citation delays and changes in social media use. The correlations in Table 1 confirm these biases, as Spearman's ρ is highest for articles published in 2011, where both biases are smallest. Therefore, only articles published in 2011 were used for the correlation analysis.
The top 25 journals according to Twitter citation rate, i.e., the most tweets per article on average, are listed together with information on official Twitter accounts, i.e. number of tweets and followers. This information was manually collected by Google and Twitter searches in April 2013. Number of followers and tweets were also collected for the 13 journals with Twitter coverage above 50%. Limitations. Replication is a key principle of scientific research. Altmetric research faces many hurdles in this regard. First, data providers may change or become obsolete quickly, making replications impossible (Liu & Aidle, 2013) . Moreover, it is still difficult if not impossible to collect complete data if no direct link (i.e., URL, PMID or DOI) between research results and their mention in other publications (e.g., videos or newspaper articles) is given; in addition, many versions of one research paper are available on the Web (see also the notion on identity resolution in Buschman and Michalek [2013] ). Accordingly, research on altmetrics must find ways to combine all available versions of a document in order to form reliable indicators. We relied on the tweet counts computed by Altmetric.com which are obtained through searches based on multiple document identifiers (see Methods section).
Beside the technical problems associated with collecting altmetrics, there is another crucial factor associated with their use in the evaluation of authors, papers, journals, or disciplines: the critical mass of both available documents and users contributing to the data.
A general problem of social media-based analyses is that of data reliability. Although most social media services provide APIs to make usage data accessible, we still do not know if it is possible to collect every tweet, if there are missing data, or what effects download or time restrictions have on available data. In addition, the Altmetric coverage of Twitter may be incomplete due to technical issues, such as server or network downtime. Moreover, an article may be tweeted in a way that is not easily automatically identified (e.g., "See Jeevan's great paper in the current Nature!"). Due to these limitations, we assume that our findings on coverage and usage of medical documents on Twitter are rather conservative. However, we also believe that the aforementioned limitations are likely to affect all journals, specialties, and disciplines in broadly the same way, even though individual journal issues might be disproportionately affected if they were published at the time of an a service outage with the result that an initial surge of tweets at the time of publication may have been missed.
Results

Articles.
9.4% (134,929 of the 1,431,576 documents) of the PubMed/WoS articles were tweeted at least once. There was significant variation by time: 2.4% of the papers published in 2010 were tweeted at least once, 10.9% in 2011; and 20.4% of the articles published in 2012 received at least one tweet. There were 340,751 tweets mentioning 134,929 unique articles, providing a global Twitter citation rate of 2.5 (0.2 including untweeted documents). The distribution of tweets per document is positively skewed, with 63.0% of documents only mentioned once. The most frequently tweeted document was mentioned 963 times ( Table 2 ). The 15 most frequently tweeted papers are shown in Table 2 . These mostly appeared in general science journals such as Nature, Science, PNAS or prestigious medical journals such as the New England Journal of Medicine and Lancet. Articles from some specialized journals were also frequently tweeted. An attempt to classify these articles as regards their topics and potential reasons for being so popular on Twitter shows that the documents are curious or funny (e.g., rank #7; #11 in Table 2 ), has potential health applications (#5; #6) or refers to a catastrophe such as the two most frequently tweeted articles: the article by Hess and colleagues (#1) describes the genetic alterations caused by the Chernobyl accident and was published in May 2011 shortly after Fukushima, making the subject even more topical, and the paper by Yasunari and colleagues (#2) analyzes the soil contamination in Japan caused by Fukushima. The articles by Newman and Feldman (#8) and Mottron (#12) are examples of topics that concern the whole scholarly community, i.e. Open Access and a group of researchers with autism. Journals. Of the 3,812 journals meeting the thresholds (see Methods section) 3,725 (97.7%) had at least one tweeted publication. The mean number of tweets per journal is 88.7. The most frequently tweeted journal is Nature, with 13,430 tweets linking to its articles (Table 3) . With 41.9 tweets per document, the journal with the highest mean Twitter citation rate is Cutis. As can be seen in Figure 1 , which shows Twitter citation rate and coverage for the 3,725 journals with at least one tweet, the majority of journals (67.4%) have had less than 20% of their content tweeted and were tweeted less than twice per tweeted document.
One possible artifact could arise from journals employing someone to tweet their own material. To investigate this, we visited the journal home page for those 13 journals with Twitter coverage above 50% and found that 9 of these had an official Twitter account and the remaining four were represented by the official Twitter accounts of their respective publishers or affiliated societies.
As the data show, an official Twitter publication policy does not necessarily lead to a higher active uptake and redistribution of articles by Twitter users. As can be seen in Figure 1 and N=3812 N=3712 N=3712 N=3712 N=3712 ** Correlation is significant at the 0.01 level (2-tailed).
In order to determine whether a journal's popularity on Twitter is related to its scientific prestige as expressed by citations, Twitter coverage and Twitter citation rates were correlated with the journals' 2011 Impact Factors, Immediacy Indexes, and Eigenfactor and Article Influence Scores (Table 4 ). All correlations were significant and positive; however, no correlation between the Twitter indicators and journal indicators exceeded .312. In general, correlations were higher with Twitter coverage than with Twitter citation rates. Table 5 , Twitter coverage at the discipline level is highest in Professional Fields, where 17.0% of PubMed documents were mentioned on Twitter at least once, followed by Psychology (14.9%) and Health (12.8%). When the data set is limited to only those articles that have been tweeted at least once, the papers from Biomedical Research have the highest Twitter citation rate (T/P tweeted =3.3). Of the 284,764 research articles and reviews assigned to this discipline, 27,878 were mentioned on Twitter a total of 90,633 times. Twitter coverage is lowest in Physics papers covered by PubMed (1.8%), and Mathematics papers related to biomedical research receive the lowest average number of tweets per tweeted document (T/P tweeted = 1.5). Table 5 . Twitter coverage and citations per article by discipline and specialty. Number of papers in PubMed (P PubMed ), tweeted documents (P tweeted ), Twitter coverage (P% tweeted ), number of tweets (T) and mean Twitter citation rate (T/P tweeted ) per discipline (highlighted according to coloring in Figure 2 ). Superordinate specialties are listed if more than half of their WoS papers are covered in PubMed. Data for specialties include Twitter citation rate of documents published in 2011 (T/P 2011 ), citation rate of tweeted documents published in 2011 (C/P 2011 ) and Spearman correlation between the number of tweets and citations per document published in 2011. ID refers to the labels used in Figure 2 . Table 5 .
Disciplines and specialties. As can be seen in
On the level of specialties, General & Internal Medicine (ID in 2: 51) has the highest Twitter citation rate and a coverage rate of 13.1%. Tweeted articles from this specialty on Twitter are (re)tweeted 4.5 times on average (Figure 2 , Table 5 Coloring indicates superordinate discipline as listed in Table 5 and size of data points the Twitter citation rate. Coverage values are normalized by the average for all PubMed documents (9.4%), so that data points placed in the first and second quadrant represent specialties with positive correlations and coverage values above (Case I) and below average (Case II), respectively. The third and fourth quadrants contain those specialties where correlations were negative and coverage above (Case III) and below average (Case IV). Dashed line represents Spearman correlation between citations and tweets of all 2011 papers (ρ=.183**).
To compare the relationship between tweeting and citation behavior, the number of tweets and citations were analyzed on the document level for each of the 61 specialties. As described in the Methods section, the correlations are based on 2011 publications to reduce citation delay and Twitter uptake biases as far as possible. As shown in Table 5 , correlations were positive for most (i.e., 47) of the 61 specialties but very low in general iv with General & Internal Medicine having the highest Spearman values of .327. While 13 specialties showed no correlation between tweets and citations, the Spearman value was negative in three specialties, i.e. Speech-Language Pathology & Audiology (ρ=-.200), Anatomy & Morphology (ρ=-.100) and Pharmacy (ρ=-.100). Correlations were significant for only 26 specialties, all of which were positive. Even where correlations are the highest, there are huge differences in the ranking positions of individual papers. For example, the three most frequently tweeted papers were ranked 161 st , 1996 th and 1007 th in terms of citations within the General & Internal Medicine specialty in our dataset and the three most frequently cited papers in the specialty were ranked 610 th , 18 th and 228 th by number of tweets. The second most frequently cited (443 citations) and 18 th most frequently tweeted document (123 tweets) discusses antiretroviral therapy to limit the transmission of HIV and is consequentially highly relevant from both a social and medical research perspective, and the General & Internal Medicine paper that ranked highest in terms of tweets and citations concerns a topic that has major implications for physicians treating stroke risk patients and a large community of patients themselves (see Mohammadi & Thelwall, 2013, in press ).
Figure 3 depicts coverage and correlations between number of citations and number of tweets. Note that coverage values are normalized by the average value for the entire data set (9.4%) so that data points placed in the first quadrant represent specialties with positive correlations and coverage above average (Case I), suggesting that tweeting and citation behavior tend to overlap more and that documents are represented more broadly than average, e.g. General & Internal Medicine (ρ= .327**, P% tweeted =13.1%). Specialties in the second quadrant reflect positive correlations and coverage below average (Case II), such as Urology (ρ=.204**, P% tweeted =6.7%) and Microscopy (ρ=.100, P% tweeted =3.1%), which are less popular on Twitter. While the third quadrant contains those specialties with negative correlations and coverage above average (Case III), indicating that the specialties are popular on Twitter but citation and tweeting behaviour differs (Speech-Language Pathology & Audiology (ρ=-.200, P% tweeted =9.8%), the fourth quadrant contains those with negative correlations and coverage values below average (Case IV), i.e. Anatomy & Morphology (ρ=-.100, P% tweeted =5.8%) and Pharmacy (ρ=-.100, P% tweeted =4.5%). Size of data points represents the Twitter citation rate per discipline.
Discussion and Framework
Discussion. The goal of this paper was to examine the degree to which biomedical papers appeared on Twitter, the degree to which this varied by journal and domain, and the relationship between tweets and citations. We briefly discuss our findings in relationship to these three areas.
Less than 10% of the more than 1.4 million articles found in both WoS and PubMed were tweeted. However, Twitter coverage has increased dramatically over time; with more than 20% of articles published in 2012 receiving at least on tweet. These rates of coverage are much lower than those found for other sources of altmetric data, such as the readership data generated from Mendeley (e.g., Bar-Ilan, Haustein, Peters, Priem, Shema, & Terliesner, 2012; Haustein, Peters, Bar-Ilan, Priem, Shema, & Terliesner, 2013; Bar-Ilan, 2012a; 2012b; Li et al., 2012) . The majority of journals had less than 20% of their content tweeted. Those with high Twitter coverage tended to be those with designated Twitter handles for the journal or the associated publisher/association. However, the maintenance of an official Twitter account did not necessarily translate to an increased Twitter citation rate for articles within these journals. On average, articles which were tweeted were tweeted two and half times, though most only received a single tweet. At 0.2 tweets per article, the overall Twitter citation rate was significantly lower when including untweeted articles. Wide variation was also found by discipline and specialty in both Twitter coverage and Twitter citation rate. Results strongly show that, as with publication and citation behavior, tweeting behavior varies across disciplines and specialties, and these differences need to be accounted for when comparing the social media impacts of scholarly articles from different fields.
Correlations between Twitter coverage and Twitter citation rates with traditional bibliometric indicators for journals were positive and significant, with rates between .223 and .312. Comparing formal citations and Twitter citations for all papers published in 2011, we found a low but positive correlation of .183, which suggests that, although both indicators are somewhat related, they mostly measure a different type of impact. Moreover, these correlations are lower than the coefficients identified relating other novel metrics (such as readership and mentorship) to citations (Schlögl, Gorraiz, Gumpenberger, Jack, & Kraker, 2013; Bar-Ilan et al., 2013; Li et al., 2012; Sugimoto, Russell, Meho, & Marchionini, 2008) and are also lower than the demonstrated correlations between tweets and other metrics, such as downloads and Google Scholar citations (Shuai et al., 2012) .
Given the low correlations found here on a very large dataset of both tweets and citations and limiting the biases of Twitter uptake on the one hand and citation delays on the other, we argue that Twitter citations do not to reflect traditional research impact. This may be due to several factors, including the low Twitter uptake among scientists and the fact that the viability of Twitter as a tool for scholarly communication is still mostly unknown. Reasons for low Twitter usage among scholars will need to be determined in future qualitative usage studies.
That being said, our exploratory analysis of top tweeted articles suggests that they might actually have been highly tweeted because of their curious or humorous content, implying that these tweets are mostly made by the "general public" rather than the scientific community. In other words, their high number of tweets did not seem to be due to their intellectual contribution or scientific quality. Other articles were highly tweeted because of their timeliness or their health-related content, which is the closest we've been to assessing what one could consider as the impact of health research on society. All in all, these findings suggests that there is a lot of heterogeneity in the tweeting of biomedical papers, and that a lot of work still needs to be done in order to assess the various contexts in which scientific papers are tweeted. More specifically, it is of crucial importance to obtain robust data on the relative importance of each of these contexts to see, among other things, whether tweets are indeed a measure of the social impact of research, before these metrics are added to the scientometric toolbox.
Framework. To facilitate interpretation of results, we present a framework for understanding the relationships among new and established indicators. For the present, we focus on Twitter as a case study and use our data to inform the framework. However, this could be easily expanded to encompass other new indicators. Although we believe that various altmetrics differ and that social media based indicators comprise many different facets that should not be blended but analyzed separately. For example, as a microblogging platform Twitter can be considered a tool for dissemination and discussion, Mendeley most likely reflects readership within the academic community, while F1000 provides post-publication peer review. Just like citations, downloads and standard peer-reviews, these aspects should be considered separately and not be aggregated into one single number or indicator as impact is a multifaceted notion (Haustein, 2012) . Figure 4 provides a schematic representation of the framework of tweeting behavior of scholarly documents, which is divided into four cases according to their 1) Twitter coverage and 2) correlation between number of Tweets and citations.
• Case I: A set of documents (e.g., journals, specialties, disciplines) The coverage suggests either that there is a large user group on Twitter mentioning scholarly documents or there is systematic tweeting by a few individuals or automated tweeting. A high correlation suggests that Twitter users are interested in the same papers as the scientific community since documents that have a high citation impact are also popular on Twitter and those that are not frequently cited are also tweeted about less often. This scenario is consistent with the following. Many members of the scientific community and/or the general public are active on Twitter and tweet a large proportion of published scientific articles AND A) The scientific community discusses many different scientific articles on Twitter, so that Twitter serves as an alternative way to find, distribute and discuss results within the scientific community. Scientific tweeting patterns follow traditional citing patterns. AND/OR B) The general public discusses scholarly findings on Twitter and is interested in the same topics as scientists (e.g., general interest topics in health related issues) and tweets in the same way that scientists cite their publications. As demonstrated in our study, high coverage does not necessarily imply that there is great interest in the articles. Rather, it could imply that tweeting has been incorporated into the professional activities of the journal or publisher. Regardless, high coverage indicates high dissemination on the platform. A direct correlation between the new metric (tweets, in this case) and an established metric (e.g., citations) suggests that these metrics are reinforcing and consensual. In the case that the metrics represent separate audiences, we might infer broader impact. If those generating the metrics are the same population, we might infer redundancy (e.g., if the same scientists are tweeting and citing, no added measure of impact can be derived).
• Case II: A set of documents has low Twitter coverage, papers with many Twitter citations have many WoS citations, papers with many Twitter citations have many WoS citations, and papers with few Twitter citations have few WoS citations (high positive correlation)
The coverage shows that the user group on Twitter is only interested in a few scholarly documents from this set. The correlation suggests that Twitter users are interested in the same topics and papers as the scientific community since documents that have a high citation impact are also popular on Twitter. Scientific papers that have low impact on the scholarly community are not popular on Twitter. The scenarios causing this conclusion are consistent with the following. Many members of the scientific community and/or the general public are active on Twitter but tweet only a small proportion of published scientific articles AND A) The scientific community actively discusses a few scientific articles on Twitter. AND/OR B) The general public is interested in topics (e.g., medical health related issues) and tweets about scientific papers.
• Case III: A set of documents has high Twitter coverage, papers with few Twitter citations have many WoS citations, and papers mentioned frequently on Twitter have few WoS citations (high negative correlation)
The coverage shows that there is a large user group on Twitter mentioning scholarly documents but the correlation reflects that Twitter users are not interested in the same articles as the scientific community, since papers that have a high scientific impact are not popular on Twitter. The scenarios which cause this conclusion are consistent with the following. A large share of (scientific and/or general public) community is active on Twitter and distributes a large share of documents AND A) The scientific community tweets different content than it cites in scholarly publications. AND/OR B) The general public is not interested in the same topics as scientists cite but is interested in articles that have low scientific impact (e.g., curious papers with funny titles). If those who are tweeting are also citing, then this implies that the metrics measure different types of use or interest in these articles. For example, medical researchers may tweet and rate highly articles that help clinical practice even if they do not then cite them (e.g., for related results see Mohammadi & Thelwall, 2013, in press ). An alternative explanation is that the user groups are different-that is, that those who tweet do not also write and, thereby, cite in this area. One potential scenario in this group are curious papers with particularly provocative or interesting titles.
• Case IV: A set of documents has low Twitter coverage, papers with few Twitter citations have many WoS citations, and papers mentioned frequently on Twitter have few WoS citations (high negative correlations)
The coverage shows that the user group on Twitter is only interested in a few scholarly documents and the correlation reflects that Twitter users are not interested in the same topics as the scientific community, since papers that have a high scientific impact are not popular on Twitter. The scenarios which cause this conclusion are consistent with the following. Only a small share of documents is distributed by the (scientific and/or general public) community (either a small or large share of the respective community) AND A) The scientific community tweets different content than it cites in scholarly publications. AND/OR B) The general public is not interested in the same topics as scientists cite but is interested in articles that have low scientific impact (e.g., curious papers with funny titles). This differentiates from Case III, in that the correlations are generated by very few articles-that is, an article that is either very highly cited or highly tweeted. A negative correlation but low coverage might imply that while there is only a small community on Twitter which is not capable of distributing a large amount of different articles, those papers that are distributed are relevant to both scientists and a general public. As demonstrated by these cases, there are many diverse actors, motivations, processes, and outcomes embedded in interpretations of altmetric data. Qualitative and more detailed analyses of Twitter users are needed to determine whether scenarios A and/or B apply or whether it is a completely different group of actors responsible for the distribution of scholarly literature on Twitter. Further research should thus include qualitative analyses of Twitter content as well as user surveys aimed at determining Twitter's role in the scholarly communication and reward systems and shed light on researchers' motivations for (not) using Twitter. In addition, analyses such as ours should be performed for non-medical disciplines so that more can be known about discipline-specific Twitter uptake and its appropriateness as a tool in research evaluation.
Conclusion
This large-scale analysis covering the entire spectrum of medical disciplines provides substantial data for the evaluation of Twitter metrics and supports the understanding of scholarly Twitter use in this research area. We introduced a framework to classify four distinct relationships between tweeting and citing, using this as a theoretical underpinning to facilitate the evaluation of tweeting behavior in various specialties.
With less than 10% of PubMed documents mentioned, Twitter shows a much lower coverage of scholarly document than other social media platforms such as Mendeley and CiteULike, which is most likely due to the scholarly focus of the latter two. Nevertheless, we were able to demonstrate that there are some journals and specialties in biomedical science that are of greater interest to the Twitter community than others. Low correlation between the number of citations and tweets per document indicate that tweets and citations are far from measuring the same impact and suggest that Twitter-based indicators reflect another kind of impact not comparable to traditional citation indicators. Therefore, they should not be considered as alternatives to citation-based indicators, but rather as complementary.
However, before adding tweets to the scientometric toolbox as a complementary measure of public or societal impact of scholarly products, motivations to tweet need to be distinguished and further evaluated. As shown, the distribution of academic articles on Twitter is in general quite low. This low coverage rate may reflect a belief among the majority of academics that it would not be a good use of their time to tweet about publications, perhaps because interested scholars could find their articles in other ways and do not use Twitter to discuss research. Further research needs to investigate why academics tweet or do not tweet about publications and who the users are that mentioning academic articles on Twitter.
Our exploratory analysis of highly tweeted documents shows that while some papers seem to receive attention on Twitter because of actual health implications or topicality, others seem to be distributed on Twitter due to humorous or curious contents, which suggests that tweets do not necessarily reflect intellectual impact. A large-scale user survey could reveal why scholarly publications are mentioned on Twitter and why some papers are tweeted more frequently than others. Moreover, distribution of scholarly documents on Twitter is influenced by officially curated Twitter handles and particular journal policies. These ambiguities have implications for the use of tweet counts as altmetrics.
